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INTEGRAL JOINING 


The invention presented here is concerned with a method for integrally joining several bod- 
ies with joining elements. 


The economic joining of parts in industrial manufacturing is one of the main problems en- 
countered. Especially porous material, such as wood, pressboard boards, porous stones or 
other materials are difficult to process. Apart from the conventional methods, which are 
based on mechanical fixing elements, other techniques are also known. Mentioned here in an 
exemplary manner for these shall be gluing together. 


Thermal processes, which are based on the melting down of certain materials, are becoming 
more and more popular. In the case of these, the surfaces to be joined are pressed together, 
e.g., under friction, so that either one of the base materials of the parts to be joined or else a 
further material is melted down due to the friction heat, as a result of which the parts are 
firmly joined together. The processes known today have various disadvantages. Mechanical 
joints, such as screws or nails, which primarily are based on frictional or positive locking 
engagement, in part call for very elaborate processing, they are subject to a high notch effect, 
they are easily torn out or else loosen over the course of time. Especially mentioned here 
shall be the problem of torn out or loosening fixing points in pieces of furniture made out of 
pressboard boards or similar materials. This has to be attributed to high stress concentrations 
and unfavourable load concentrations. 
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Nailing, which has been known from time immemorial, has a significant advantage: A nail 
can be processed easily and in a very short time and without requiring any additional prepa- 
ration. The disadvantage, however, consists of the fact, that also in the case of a nail the joint 
is one that is only based on frictional engagement and which therefore can only be subjected 
to a relatively small load. In addition, these joints as the basis of the displacement of the base 
material frequently lead to a cracking of the parts to be joined. 

Integral joints with the materials in engagement, such as are produced, for example, by glu- 
ing, do not have the tendency, that the parts to be joined crack or split. They are character- 
ised, however, by other disadvantages. These consist, for example in the long stoppage 
times, which are necessary when joining the parts, the low penetration depth of the adhesive 
into the parts to be joined or the difficult to control quantities of the adhesives (flowing 
away). 

Thermal processes, which are based on the melting down of materials, with respect to an 
economical processing tendentially point in the right direction and they can roughly be di- 
vided into two groups. The first group consists in the method, that, for example, the surfaces 
of two parts, one of which consists of a thermo-plastic plastic material, are pressed against 
one another and moved parallel (relative) to one another, so that friction heat is generated. 
The plastic material melted down by this, following the cooling down forms an integral joint 
with material engagement between the two parts. This material engagement, however, is 
limited to the surface of the parts. The penetration depth of the material melted down and the 
application forces are always low, as a result of which these joints can only be subjected to 
very limited loads. A corresponding application is known, for example, from GB 2 061 183. 

The second group of the thermal processes is based on the method, that, for example, dowels 
or similar elements, typically made of meltable plastic material, are inserted into previously 
manufactured bores and subsequently are melted down by mechanical excitation and pres- 
sure. A corresponding method is known, for example, from PCT/EP95/02527. Significant in 
this is the fact, that the parts to be joined for receiving the dowels imperatively have to be 
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pre-drilled or pre-cleared, respectively, before the dowels can be inserted into the bores and 
joined with the side walls at predefined points (certain zones at the end of the bore and along 
the dowel) by melting down. The thermal energy necessary for this is generated by radiation 
or by means of friction produced by ultrasonic excitation. Because of the necessary (precise) 
pre-drilling, this is a process, which calls for several working steps. 

Objective of the invention discussed here is to demonstrate a method, by means of which 
joints between bodies can be economically manufactured, wherein harmful stress concentra- 
tions are avoided and an optimum introduction of the load is achieved even in extremely 
porous materials. The objective is achieved by the invention defined in the claims. 

The invention divulged here is based on a method for joining porous materials, resp., for the 
anchoring of load introduction points in porous - and in other materials. The joints produced 
by this method are based both on a material - as well as on a positive locking engagement. 
Joining elements, in preference made out of a meltable plastic material, in doing so are 
pressed onto a surface in such a manner, that they break through it and penetrate into the 
zone of the body underneath it. After reaching a defined load level and/or after reaching a 
certain penetration depth, the joining elements - while an external load is maintained - are 
mechanically excited in preference by means of ultrasound, so that they partially melt down 
under controlled conditions. It goes without saying, that the mechanical excitation, for ex- 
ample, can also be achieved by means of rotation. The melting down as a general rule takes 
place within the cavity, which has been produced by the penetration of the joining element 
into the base material through the surface. Similar to a piston in a hydraulic cylinder, the not 
melted down part of the joining element is seated in the opening and fills it in the manner of 
a seal. Because the melted down material of the joining element cannot anymore escape from 
the cavity, on the basis of the external load a high hydraulic pressure is generated. This pres- 
sure and the ultrasonic oscillations lead to the result, that the molten material is pressed into 
the existing and/or newly formed cavities of the base material. In doing so, the penetration 
depth is dependent on the nature of the base material, the heat, the frequency, the amplitude, 
the driving-in speed (advance speed), the force acting on the joining element from outside, 
the geometry as well as on the material of the joining element. Through the meltable volume 


P1558 PCT 


06.12.01 


of the joining element, the quantity of material pressed into the base material can be deter- 
mined. If a very large quantity of material should be necessary or if the size and the number 
of the cavities present in the base material are not known, then it is possible to utilise joining 
elements, which are continuously and endlessly fed in. 

As a result of the mechanical pressing in of the joining element, in addition it is achieved, 
that a material compression of the base material results, which has an advantageous effect on 
the strength. Under normal circumstances the stress peaks produced by the displaced and 
compressed material would lead to a cracking of the material. By the purpose-specific and 
matched application of ultrasound and external mechanical pressure, as well as by the de- 
signing of the joining elements according to the invention, however, it is achieved, that, the 
stresses produced are degraded and that a destruction of the elements to be joined does not 
take place. Cavities and cracks produced nonetheless, are immediately filled by the molten 
material. The invention disclosed here, for this reason for the first time makes it possible to 
anchor fixing elements in a single working step in materials and in particular in porous mate- 
rial such as wood, pressboard boards or cellular concrete and combinations of them with an 
in depth effect and without any pre-drilling. Through the controlled material compression in 
areas within the adjacent zones it is achieved, that the joining elements achieve a very strong 
retention even in very porous materials. As a result, very high mechanical tear-out forces are 
obtained. By the additional spatial penetration of the compressed anchoring zone and of the 
adjacent zones with the molten material of the joining element under high pressure under- 
neath the surface of the material, it is achieved, that the compressed material of the anchor- 
ing is additionally consolidated. An optimum distribution of the introduced loads and a de- 
grading of harmful stress peaks is therefore assured. Thus, for example, for the first time it is 
possible to implement durable and load-resistant anchoring points for load introduction 
points even in pressboards equipped with a melamine layer without pre-drilling and in a sin- 
gle working step. By heat and pressure the wood is plastically deformed, the internal stresses 
are strongly reduced or equalised. 

In contrast to prior art, the joining elements of the invention disclosed here do not only act in 
the surface zone of the elements to be joined, but in preference in their interior. In that a pre- 
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drilling of all parts to be joined is not necessary, which has a positive effect in particular with 
respect to the economy of the process, it is achieved in addition, that the anchoring points in 
contrast to those methods known from prior art, which call for a pre-drilling of the parts to 
be joined, are capable of being subjected to higher loads. Apart from this, the production of 
dust during the processing procedure is avoided either wholly or to a great extent. As a result 
of the deliberate reduction of stress peaks generated in the base material, it is possible even 
in very thin elements to anchor very thick joining elements without pre~drilling. Experiments 
have demonstrated, that, for example, a joining element in accordance with the invention, 
which has a thickness of approx. 8 mm, without any pre-drilling is capable of being anchored 
in the edge surface of a pressboard board with a thickness of approx. 20 mm. The anchoring 
of load introduction - or joining points in porous materials therefore is dramatically rational- 
ised. Because a pre-drilling of the parts is not required anymore or if required is integrated in 
the same step, for example, in that the joining element serves for the pre-drilling operation 
prior to the melting down, first of all time is saved, secondly expensive machines can be 
made do without and thirdly the otherwise high demands with respect to precision of the pre- 
drilling are reduced. With the method demonstrated here, for this reason parts can be joined 
in a similarly simple manner, as, e.g., by means of nailing: After the parts to be joined have 
been placed on top of one another, in a single working step they are firmly joined by means 
of a material - and a positive interlocking integral joint. In contrast to nailing, this joint, i.a., 
guarantees an optimum introduction of the forces into the parts to be joined. 

The process according to the invention does not preclude, that if so required one of the parts 
to be joined is pre-drilled. Achieved by this as a result is the fact, that this fulfils a guiding 
effect for the joining element. The joining of a pre-drilled part with a non-pre-drilled part 
represents a significant rationalisation in comparison with methods according to prior art, 
because the high demands of the accuracy of two bores, which have to coincide exactly, do 
not have to be made anymore. 


The advantageous excitation of the joining elements by means of ultrasound (or an equiva- 
lent means), leads to the result, that a very high shear effect in particular parallel to the main 
direction of joining is achieved between the surfaces rubbed together. This in turn leads to 
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the result, that the materials destined to be melted down, which as a rule comprise thermo- 
plastic plastic materials, become liquid, by means of which a deep penetration into the parts 
to be joined is assured. This represents a significant advantage in comparison to the methods 
known from prior art, which, e.g., are based on friction by rotation (friction welding) and 
which therefore have only a relatively low shear effect. In addition, during friction welding a 
movement vertical to the welding direction is generated, which as is known has a negative 
effect on the anchoring depth. 


Advantageously joining elements made of thermo-plastic plastic materials are utilised. 
Thermo-plastic plastic materials have a very high mechanical damping effect, which leads to 
an irreversible energy absorption. Because of the poor thermal conductivity of plastic mate- 
rials, this energy absorption becomes noticeable in particular in the case of components, 
which are excited with a very high frequency (e.g., ultrasound), inasmuch as tiiese melt 
down in an uncontrolled manner. Through an admixture of materials, which specifically 
conti-ol the mechanical damping, for the first time it is possible to avoid an uncontrolled 
melting down of the joining elements. In dependence of this, a higher mechanical load- 
bearing capacity of the joining elements is obtained during the processing. In particular dur- 
ing the mechanical breaking through the covering layers, one is able to achieve an enhanced 
robustiiess. which also has a secondary effect on the subsequent mechanical load-bearing 
capacity of the joining elements. Particularly advantageous are materials, such as lime pow- 
der or wood dust, which have an isotropic characteristic, or else materials, such as reinforc- 
ing fibres, etc., which have an an-isotropic characteristic. Through the quantity of the addi- 
tional material components, the characteristics of the joining elements can be specifically 
adjusted. The joining elements may also have a higher concentration of the additional mate- 
rial component in part or in zones. By means of tiiis, the melting down zones can be con- 
trolled additionally. 


The oscillation characteristics of the joining elements can be controlled by means of the fre- 
quency, the geometry, tiie mass distribution as well as by the composition of the material. In 
order to achieve particularly great excursions of flie joining elements, the frequency of the 
ultrasound is selected in such a manner, that the joining elements oscillate with their reso- 
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nance resp., natural frequency. The oscillation characteristics and in particular the reso- 
nance characteristics are additionally optimised and assisted by the geometry. For example, 
through mass concentrations or density variations at suitable points it is achieved, that the 
joining elements behave in a similar fashion to spring - / mass pendulums with one or several 
springs and masses. By means of a purposeful an-isotropy of the materials of the joining 
elements it is achieved, that the transmission of sound becomes dependent on the direction. 
Sound bridges obtained in this manner make it possible, that the sound energy is guided to 
certain locations and if so required is concentrated. Possible sound bridges, for example, can 
be formed by means of fibres. Through a local change of the material composition, a me- 
chanical damping, which, i.a., represents a measure for the partial energy absorption of the 
material, is able to be influenced. Achieved as a result of this is the fact, that the joining ele- 
ments only heat up a discrete, predetermined points. This arrangement has a further signifi- 
cant advantage: In contrast to prior art. it is possible to achieve, that the joining elements are 
not heated up by the friction heat of two surfaces being rubbed together, but rather by an 
internal heating up. Joining elements with the characteristics mentioned above are able to be 
manufactured, for example, by the extrusion moulding of fibres with a thermoplastic matrix, 
or by means of multi-component injection moulding. It is in particular possible to equip cor- 
responding joining elements with directional energy transmission, as is known from prior art. 

By means of the ultrasound frequency and the geometry, i.a., the oscillation forms of the 
joining elements can be actively defined as well as the melting down characteristic influ- 
enced. If so required, for this reason it makes sense to control the penetration depth of the 
joining element in such a manner, that the melting zone, within which the joining element 
melts down, is situated at an optimum position below the surface of the base material. The 
optimum frequency is determined, for example, through a sensor, which continuously deter- 
mines the oscillating length of the joining element. For the generation of ultrasonic oscilla- 
tions, a commercially available ultrasound welding appliance can be made use of. For an 
active controlling of the frequency, this appliance has to be modified. 
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On the basis of Figures, the invention is in the following explained in detail. It goes without 
saying, that in doing so the idea of the invention is not limited to the embodiments illus- 
trated. 


These depict: 


Figure 1 the essential steps of the method in accordance with the present invention on 

the basis of a sectional view. 


Figure 2 various embodiments of joining elements, 


Figure 3 a further embodiment of a joining element. 


Figure 4 the essential steps of the method using the joining element according to 

Figure 2, 


Figure 5 how two parts are joined. 


Figure 6 how two further parts are joined, 


Figure 7 how a joining element is processed under control. 


Figure 8 


schematically a cross section through a body, 
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Figure 9 a section on Figure 8, 

Figure 10 illustrates a diagram. 

Figure 1 schematically illustrates the essential steps of the method in accordance with the 
present invention in a sectional view. A joining element, which here has the shape of a long- 
ish dowel 1, is anchored in a porous base material 10, such as wood, pressboard boards or 
cellular concrete with a deep penetration action. Identifiable are a holder 2, advantageously 
made of metal, with an opening 3, which is suitable for the temporary retention of the dowel 
1. The opening 3 is designed in such a manner, that the dowel 1 is held within it and to a 
certain extent is guided by it, so that it does not fall out during the processing (it goes with- 
out saying, that the dowel 1 can also be held by external means). It is advantageous in par- 
ticular, that the opening and the coupling between dowel 1 and holder 2 is designed in such a 
manner, that the dowel 1 does not begin to melt uncontrolled. An ultrasound generator (not 
illustrated in more detail) as well as a pressing device (not illustrated in more detail) are in an 
active connection with the holder 2. The pressing device serves to exert a force F on the 
dowel 1 through the holder 2. 

In a first step, illustrated in Figure la), now the holder 2 together with the dowel 1 is placed 
above a surface 4 of the base material 10 in such a manner, that one end of the dowel 1, here 
shaped like a point 5, comes to lie on the surface 4. Thereupon by means of the pressing 
device (not illustrated in more detail) the force F is exerted. This leads to the result, that the 
point 5 of the dowel 1 breaks through the surface 4 of the base material 10 and penetrates 
into the base material 10. The base material 10 as a result of this is compressed in this zone. 
After the point 5 of the dowel 1 has reached a certain depth of penetration (refer to Figure 
lb) and/or the force F has reached a certain magnitude, the dowel 1 by means of the ultra- 
sound generator (not illustrated in more detail) in active connection with the holder 2 is put 
into oscillation, here in the direction of the z - axis. This process is indicated by means of 
arrows 12. In doing so, the frequency is matched to the geometry of the dowel 1, in particu- 
lar to its length, material composition and mass distribution. Achieved by this is the result. 
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that the dowel 1, here in the area of a predefined zone 13 below the surface 4, melts down. 
As is made clear by Figure lb), the dowel 1 is seated in the opening 11 in the manner of a 
plug and like a seal fills out this opening in a similar fashion to a piston in a hydraulic cylin- 
der. The melted down material of the dowel 1 cannot escape and is under a high pressure 
because of the force F acting on the dowel 1. This has the effect, that the melted down mate- 
rial of the dowel 1 is pressed into the base material 10, so that any cavities present are filled 
(refer to. Figure Ic). The ultrasonic oscillations and the fusion heat generated have an as- 
sisting effect. 

The embodiment illustrated here concerns a continuous melting down of the dowel 1 in the 
zone 13. By the continued feeding-in of the dowel 1 through the opening 1 1 into the zone 13 
and the force F it is achieved, that the pressure below the surface is maintained. The melting 
zone 13 is influenced by the oscillation frequency and the other process parameters. A length 
L of the dowel 1 plays a certain role here, because, i.a., it is associated with the oscillation 
characteristics. On the basis of the melting down in the zone 13 and the continued feeding-in 
of the dowel 1 through the opening 11, the length L of the dowel 1 changes. For this reason, 
if so required the other process parameters are monitored in function of the changing values, 
such as. e.g.. the length L, and if so required changed during the process. The length L is 
therefore measured with a sensor (not illustrated in more detail) and utilised as a control 
parameter for the ultrasound frequency. By means of this, an optimum melting down of the 
dowel 1 is achieved. 

Figure 2 in an exemplary fashion illustrates six different embodiments of joining elements 
20. The individual embodiments are suitable for different applications and materials. It goes 
without saying, that the design can substantially differ from the forms illustrated here. In 
order to take into account the differing materials and fields of application, the various joining 
elements are purposefully adapted. The joining elements depicted here as a rule during the 
processing are held and controlled at one end 21 in a holder (not illustrated in more detail). 
The optimum material composition varies from application to application and is therefore 
adapted. In order to influence the mechanical damping, the joining elements 20 contain ad- 
ditional materials, such as, e.g., lime powder or reinforcing fibres. These in part additionally 
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have a positive effect during processing, so that higher loads or more slender and longer 
joining elements can be implemented. The design of the ends 22 is important for the charac- 
teristics of the joining elements 20 and it also determines the subsequent material distribution 
in the base material. These designs therefore are in particular matched to the base materials. 
Flatter designs of the ends 22 (refer to Figs. 2a and 2d) have a greater tendency to push mate- 
rial in front of them and thus to form a strongly compressed zone in front of the joining ele- 
ment 20. This for its part supports a lateral distribution of the melted material. Sharp edges 
23 and points 24 enhance the cutting effect of the joining elements 20 during the penetration 
of the covering layer 4 of a base material 10 (refer to. Figure 1). Apart from this, these also 
have an influence on the melting characteristics of the joining elements 20. Elements pro- 
viding a direction for the energy, here in the shape of ribs 25 running parallel to the longitu- 
dinal axis of the joining element 20, in the case of a mechanical excitation, e.g., by means of 
ultrasound, lead to concentrations, which promote a local melting down. Through local mate- 
rial concentrations, e.g., through enlargements 26, the oscillation characteristics of the join- 
ing element 20 are influenced. In this sense it is also possible to implement the mass con- 
centrations inside the joining elements 20. 


Figure 3 illustrates a further embodiment of a joining element 30 comprising a cylindrical 
part 31, a pointed element 32, which is centrally positioned here. This element is equipped 
with ribs 33 and serves for penetrating a surface (refer to Figure 4). Elements arranged in a 
circular manner 34 also serve for pushing through a surface (refer to Figure 4). The elements 
34 have edges 35, which have a certain cutting effect. The joining element, for example, is a 
component part of a hinge or, for example, serves for fixing a hinge (not illustrated in more 
detail) or of another load introduction point in the case of furniture or of other bodies made 
of pressboard elements or similar materials or else it may comprise additional functions it- 
self. It may also serve in particular for the receiving of further elements, for example, screws, 
etc. An anchoring in porous materials, such as wood, cellular concrete or similar materials, 
such as concrete or plastic materials is particulariy advantageous. In this, the pre-drilling of 
the surfaces to be joined is not necessary. The joining element 30 consists of a thermo-plastic 
plastic material. This is equipped with additional filler materials, which influence the internal 
mechanical damping. By means of this, the melting down characteristics are controlled and 
influenced. The joining element advantageously is manufactured by injection moulding. 
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Through the processing of several components it is achieved, that a grading with the joining 
element 30 results, which is matched to the base materials to be joined. In order to make 
possible the processing of difficuh materials, the elements 32 and 34 can also be designed in 
such a manner, that their cutting effect is enhanced by a secondary movement. They can be 
designed in such a way, for example, that by means of a rotation the base material is broken 
open in support. The joining element 30 in doing so is advantageously designed in such a 
manner, that it does not melt down as a consequence of the secondary movement. 

Figure 4 schematically illustrates the processing of a joining element 30 in accordance with 
Figure 3 in three steps in a sectional view. It goes without saying, that here only the principle 
is illustrated. Of course the joining element 30 may also have a different geometry or may be 
connected with other elements, such as, for example, braces or small gamishings, other fix- 
ing elements or hinges. In a first step, joining element 30 (refer to Figure 4a) is brought 
above a surface 40 of a base material 41. The base material here comprises a porous mate- 
rial, which at its edge zones 42 has a higher density than in its core zone (it goes without 
saying, that also such materials can be processed, which have a constant thickness). Cover- 
ing layers 44 form an external finish of the base material. The joining element 30 positioned 
above the surface 40 is pressed onto the surface 30 with a force F (refer to Fig. 4b) in such a 
manner, that the elements 32 and 34 break through it and penetrate into the base material 41 
to a certain depth. The depth of penetration in this is, i.a., dependent on the base material 41, 
the design of the elements 32 and 34 and on the force F. A secondary movement, for exam- 
ple, in the form of a rotation, may assist the penetration of the joining element 30. After a 
certain depth of penetration has been reached, the joining element 30 by means of ultrasound 
is mechanically excited, which is made clearer by means of arrows 12. In doing so, the me- 
chanical excitation advantageously takes place vertically to the surface 40. As a result of 
friction and/or internal mechanical damping, a heating up of the joining element 30 takes 
place. This leads to the consequence, that the elements 32 and 34 melt down beneath the 
surface 40 in a controlled manner. As a result of the force F, the joining element 30 sinks in 
more, so that material is continuously melted and pressed into the base material 41 under 
high pressure. The melted down material of the joining element 30 in doing so fills in any 
cavities present, by means of which the base material 42 is additionally consolidated. 
Through the ultrasonic oscillations, the heat and the pressure, the base material 42 is com- 
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pressed and consolidated; in addition it is achieved, that the joining element 30 penetrates 
more easily. The anchoring of the joining element 30 in the base material 41 is schematically 
illustrated in Figure 4c). 

Figure 5 schematically illustrates the joining of two bodies 50, 51, for example, made of 
wood, by means of a longish joining element 52. The body 51 here is equipped with a bore 
53, which, however, is not absolutely necessary. The two bodies 50 and 51 in a first step are 
placed one above the other (refer to Fig. 5a), which is made clearer by an arrow 54, and an- 
chored in their final position. The joining element 52 thereupon is inserted into the bore 53 
(refer to Fig. 5b). By means of a pressing head 55, which is in active connection with a 
pressing device (not illustrated in more detail) and an ultrasound generator (not illustrated in 
more details), a force F is exerted on the joining element 52. so that it is pushed into the sur- 
face of the body 50. After the force F and/or the depth of penetration have reached a certain 
predetermined value, the joining element 52 is mechanically excited (indicated by the arrows 
12) by means of the ultrasound generator (not illustrated in more detail). As a result of this, 
the joining element 52 begins to melt down under control and to penetrate into the body 50 
(refer to Fig. 5c). In doing so, the material of the body 50 is purposefully compressed and 
any cavities present are interspersed with the material of the joining element 52.. Ribs 56 or 
other elements with a similar effect on the joining element 52 lead to the result, that after the 
joining element 52 has reached a certain depth of penetration in the body 50, a joining takes 
place between the body 51 and the joining element 52. After the joining element 52 has 
reached the desired depth, a firm connection between the two bodies 50 and 51 results. Be- 
cause of the fact, that a pre-drilling of both bodies is not required, the joining is able to take 
place in a single work step in a most economical manner. If so required, the joining element 
52 can be equipped with additional elements on its surface. These lead to the result that 
through a secondary movement of the joining element 52 (for example, a rotation around the 
longitudinal axis) under the force F an easier penetration taking into account a certain chip 
fonmation takes place. This secondary movement, however, does not lead to an uncontrolled 
melting down of the joining element 52. In order to assist the joining between the two bodies 
50 and 51 or in order to achieve a certain sealing effect, it is advantageous to equip the sur- 
faces 59 and 60 with a layer of meltable material. This layer, however, may also be put in 
place additionally. Through the ultrasonic oscillations applied through the joining element 52 
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or else directly, it is achieved, that this layer due to friction and/or internal mechanical 
damping melts. As a result of this, the joint between the two bodies 50 and 51 is additionally 
assisted and sealed by the joining element 52. The method demonstrated here is particularly 
suitable, for example, for the joining of window frames or similar elements. In this respect, it 
is possible for the first time to join very thin, slender bodies without any precise pre-drilling 
in such a manner, that a maximum mechanical load bearing capacity is obtained. 

Figure 6: Figure 6a) illustrates a first body 65, a second body 66 and a joining element 67. 
The first body 65 here is a beam made of wood and the second body 66 brickwork, for ex- 
ample, cellular concrete. The joining element 67 comprises a thermo-plastic material and, if 
so required, an additive, which regulates the internal mechanical damping of the thermo- 
plastic material. Figure 6b) depicts the joining element 67 and the bodies 65 and 66 in a sec- 
tional view during the processing procedure. In the condition illustrated here, which is a 
snapshot, the joining element 67 has pushed through the first body 65 and is penetrating into 
the second body 66. A force F is acting on the joining element 67. Simultaneously, the join- 
ing element 67 is mechanically excited through ultrasound in the direction of its longitudinal 
axis, indicated by an arrow 12. As a result, this element melts down in a controlled manner 
in the interior of the second body 66 in the area of a zone 68. In order to achieve an assisting 
guiding effect on the joining element 67, it is possible to pre-drill the first body 66. A core 
zone 69 of the joining element 67 initially remains solid during the melting- down process, 
which, i.a., leads to the result, that the base material of the second body 66 within a zone 71 
is compressed under control, without any harmful stresses being produced. Through the 
force F, the joining element 67 is continuously fed in, so that the material of the joining ele- 
ment 67 melted down in the zone 68 is under a hydraulic pressure, which is indicated with 
arrows P and is pressed into the interior of the second body 66. As a result of this and 
through the mechanical excitation by means of ultrasound, harmful stresses in the base mate- 
rial of the second body 66 are purposefully reduced. The joining element 67 here comprises 
certain elements 70, which provide a direction for the energy (refer to 6a), which after a cer- 
tain depth of penetration has been reached lead to the result, that the joining element 67 par- 
tially melts down in the zone of the first body 65 and is joined with it by material engage- 
ment. This is schematically made clearer by means of arrows 72. After the cooling down of 
the material melted down, the joining element 67 is joined with the bodies 65 and 66 by ma- 
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terial engagement and a positive form fit, which results in mechanical joints with a very high 
load-bearing capacity. In order to seal-off the contact surfaces between the first body 65 and 
the second body 66 against ambient influences, the contact surfaces can be provided with a 
thermally melting varnish or another coating, which melts during the mechanical excitation 
through ultrasound. Achieved by this is the result, that the contact surfaces are additionally 
provided with a sealing joint. Figure 6c) illustrates a further embodiment of a joining ele- 
ment 75, which is suitable for joining the bodies 65 and 66. In contrast to the joining element 
67 (refer to 6a), the joining element 75 has certain similarities with a drill. At one end 76 the 
joining element 75 has a design, which assists a partial penetration by the superimposition of 
a secondary movement into at least one of the bodies 65 and 66. This secondary movement, 
for example, may be implemented by a rotation around a longitudinal axis. Which, however, 
does not lead to the uncontrolled melting down of the joining element 75. After a certain 
depth of penetration into one of the parts has been achieved, the joining element 75 is han- 
dled in the same manner as the joining element 67 (refer to Figures 6a and 6b). 

Figure 7 schematically illustrates a possibility for the optimum controlling of the method in 
accordance with the invention, in the case of which a joining element 80 penetrates into a 
surface 81 of a body 82, The measured values relevant for the processing procedure are, i.a., 
the free length L* of the joining element 80 and the temperature T of the material melted 
down and the ambient temperature. These are decisively determined by the magnitude of the 
force F, the energy of the ultrasonic oscillations (frequency, amplitude), indicated by an ar- 
row 12, and by the advance speed, with which the joining element 80 penetrates into the 
surface 81. In order to assure an optimum processing of the joining element 80, these values 
are monitored during the process and are utilised for the establishment of the required ad- 
justable variables. The determination of the temperature T, in preference indirectly, and of 
the free length L* is schematically indicated by the arrows 83.1 and 83.2. The adjustable 
variables are established with a suitable process computer 84 and are utilised for controlling 
the force F (arrow 85.1), the advance speed (not illustrated in more detail) of the joining 
element 80, the ultrasonic frequency and amplitude (arrow 85.2). Achieved as result of this is 
an optimum, effective in-depth joining between the joining element 80 and the body 82. 
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Figure 8 schematically and strongly simplified illustrates the hydraulic operating mode of 
the invention on the basis of a perspective sectional view. Identifiable are a joining element 
1, which has penetrated into a body 6 through a surface 4. In the interior of the body 6 there 
is a cavity 7, which is linked with thin channels or capillaries 8 and which is closed by the 
joining element 1. The channels 8 and the cavity 7 are filled with melted down material 14. 
Longitudinal waves from an ultrasound generator (not illustrated in more detail) are coupled 
into the joining element 1 with positive engagement or positive fit. Through strong inhomo- 
geneities in the stress distribution, with maximum stress concentrations in those zones, in 
which a joint is to be obtained, heat is generated through the transformation of mechanical 
energy. The heat is typically produced through loss, e.g., mechanical hysteresis (hysteresis 
losses) or friction. Through the impingement of the joining element 1 onto an inhomogene- 
ous or porous surface, in the microscopic range of the joining element 1 a high internal shear 
effect is produced (refer to Figure 9). This shear effect in conjunction with the temperature 
increase produce the effect, that the material of the joining element 1 melts down, wherein a 
very strong decrease of the viscosity of the molten material takes place. Through the appli- 
cation of ultrasound in accordance with the present invention, it is possible to produce, very 
specifically and within an optimum zone, low viscosity molten material, which under hy- 
draulic pressure penetrates into the finest pores, cracks and capillary voids (arrows 9). The 
molten material typically is anisotropic, therefore has direction-dependent characteristics. In 
particular during the application of ultrasound it can be observed, that the viscosity of the 
molten material, this in contrast to other methods known from prior art, is capable of being 
reduced by several tens of percent. This strong liquefaction together with the hydraulic pres- 
sure, which is achieved by pressing the joining element 1 into the cavity 7, produces the re- 
sult, that the molten material penetrates right into the microscopic range of the pore structure 
of the joining material. In doing so, the molten material of the joining element 1 in essence 
follows the orientation of the base material 10 and consolidates and reinforces it. As the re- 
sult, a composite-like compound with a fluid transition from the base material 10 to the 
joining element 1 is produced, with a purposefully created consolidation in the zone around 
the cavity 7 and a solid, homogeneous core. Corresponding compounds are far superior to 
the conventional joining methods known from prior art, this in particular with respect to 
mechanical strength properties. A section from Figure 8 is depicted in Figure 9 in an en- 
larged view. 
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Figure 9 in an enlarged view illustrates a section 18 of the model-like view from Figure 8. 
Identifiable are the joining element 1, the cavity 7 an channels 8, which extend into the base 
material. The melted down material 14 fills out the cavity 7 and the channels 8 and is under 
hydraulic pressure, which is indicated by arrows 15. Through the mechanical excitation of 
the joining element 1 by means of ultrasound, a melting zone 13 is formed, in which material 
as a result of the high shear effect is heated up and melted down. The movement of the join- 
ing element 1 due to the mechanical excitation and the shear effect produced by it is sche- 
matically illustrated by arrows 12. Through the high hydraulic pressure, which results from 
pressing the joining element 1 into the cavity 7, the molten material is displaced, i.a., into the 
cavities 8. Between the molten material, the displaced material and the material being con- 
tinuously fed in from outside an equilibrium is established, so that a continuous process 
automatically results. 

Figure 10 on the basis of three curves 46, 47, 48 illustrates a typical connection between the 
shear effect (x-axis) and the viscosity (y-axis) of a thermo-plastic plastic material, such as is 
utilised, for example, for a joining element 1. The three curves 46, 47, 48 depict the charac- 
teristics at different temperatures. The curve 46 shows the characteristics at a lower tem- 
perature, the curve 47 at a higher temperature and the curve 48 at the highest temperature. It 
is identifiable, that with increasing shear effect (x-axis) and temperature the viscosity (y- 
axis) decreases. In other words, the plastic material becomes more fluid at higher tempera- 
ture and with greater shear effects. In the case of the invention under discussion here this 
signifies, that by increasing the mechanical excitation by means of ultrasound via the fre- 
quency and the amplitude an influence is brought to bear on the characteristics of the melting 
material. Because as a rule no external thermal energy source is utilised, the temperature 
inside the cavity 7 (refer to Figures 8 and 9) is produced as a result of the mechanical pa- 
rameters and the thermal conductivity of the ambient. The process is adjusted in such a man- 
ner, that the ambient and the material of the joining element manifest an optimum character- 
istic and that no uncontrolled melting down of the joining element 1 takes place. 


